The ability to perform physical work is enabled by an increase in oxygen uptake (VO 2 ). This is achieved by a 2.2-fold increase in heart rate (HR), a 0.3-fold increase in stroke volume and a 1.5-fold increase in arteriovenous oxygen difference. 1 Thus the increase in HR is the strongest contributor to the ability to perform sustained aerobic exercise. The increased HR response is mediated in part by withdrawal of vagal tone, increased sympathetic tone and circulating catecholamines. After stopping exercise vagal tone is restored and the HR usually returns to baseline within minutes. However, some patients show an inability either to use the HR reserve completely during exercise (chronotropic incompetence) or to slow the HR promptly after exercise (abnormal HR recovery). Failure to achieve maximal HR, inadequate submaximal HR, or HR instability during exertion are all examples of chronotropic incompetence. A consensus on the optimal measure of chronotropic response has not been reached: the most commonly used formula is (HR peak À HR rest )/ (220 À age in years À HR rest )] Â 100. 2 In addition to resting HR, 3, 4 impaired HR response to exercise has been demonstrated as a powerful prognosticator both in the general population and in patients with cardiovascular diseases, [5] [6] [7] [8] even after adjustment for cardiovascular risk factors and the presence of exercise-induced ischaemia. The underlying mechanisms of chronotropic incompetence and their link with prognosis are not completely understood: an altered HR response to exercise may mirror an impaired modulation of autonomic tone, driven by abnormalities in parasympathetic modulation, carrying a prognostic value. 6 Another possible contributor to chronotropic incompetence is abnormal left atrial remodelling accompanied by an increased myocardial fibrosis. 9 Atrial fibrillation (AF) is a common arrhythmia. One in four middle-aged adults in Europe and the USA will develop AF. 10 Because the prevalence of AF increases with age, prognosis in AF is of interest due to the increasing proportion of elderly individuals in the population. 10 Prognosis is a concern in patients with AF not only for the higher incidence of coronary heart disease 11 and stroke, 12 but also for the increased risk of developing heart failure. 13 Despite solid evidence of the prognostic value of HR during exercise and recovery in different settings, in the majority of these studies, AF was either an exclusion criterion, not considered, or poorly represented in the study populations. De Schryver and colleagues 14 recently demonstrated in a small sample (n ¼ 202) a relationship between HR response to exercise and the outcome of patients with permanent AF under strict pharmacological HR control.
In the present issue of the journal, Aihara et al. at baseline patients with AF included more men, were older, more frequently affected by valve disesase, presented with lower left ventricular ejection fraction and glomerular filtration rate, and were more often treated with HR-lowering drugs than SR patients. In addition, as compared to those with SR, patients with AF showed a greater impairment in functional capacity and in ventilatory efficiency. In both groups, there was a significant, positive relationship between HR response to exercise (either expressed as peak HR or chronotropic response) and peak VO 2 consistently with previous findings in HF patients. 16 During a 3.5-year median followup period, both peak HR and chronotropic response resulted in independent predictors of risk of developing HF, peak HR being more powerful in AF patients and chronotropic response in SR patients. The results of the present study confirm and extend previous findings and indicate that the behaviour of HR during exercise, besides being a simple measure to obtain, may provide relevant clinical and prognostic information not only in patients with SR, but also in patients with AF.
A number of methodological concerns could arise for studies dealing with chronotropic response in AF. First, the criteria for the (automatic) detection of peak HR; while easy in patients on SR could be tricky in patients in AF in whom R-R interval variability could be particularly high and longer averaging may be required. This issue could reduce the accuracy of the measure of chronotropic competence in the individual patient, and may per se contribute to the inter-individual variability. Second, in contrast to SR, in AF patients the increase in HR during exercise is limited only by the atrioventricular node properties and by the eventual treatment, as well as the patient's physical capacity. Finally, measuring only rest and peak HR, we lose the information concerning the HR increase pattern that in AF patients is often altered in the early and intermediate phases of exercise, being much less progressive than observed in subjects on SR.
The pathophysiological reasons underlying this association between chronotropic incompetence and worse prognosis are even more uncertain in AF than in SR. The lack of autonomic modulation of sinus node reduces its pathophysiological role in this setting. Unfortunately, the design of the study by Aihara et al. 15 does not shed light on the mechanistic link between HR behaviour on effort and prognosis in AF. It can be envisaged that an impaired HR response to exercise might reflect the patient's inability to adapt the cardiac output to perturbing conditions, laying the groundwork for developing heart failure. Finally, it can be hypothesised that in the AF population the impairment in chronotropic capacities may mirror advanced structural and functional myocardial abnormalities, such as left ventricular diastolic dysfunction or fibrosis, obviously associated with disease evolution, increased arrhythmic burden, and worse prognosis.
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